(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
25.09.2002 Builetin 2002/39 

(21 ) Application number: 97309789.2 

(22) Date of filing: 04.12,1997 



(11) EP 0 846 540 B1 

EUROPEAN PATENT SPECIFICATION 

(51) lntCI.7: B29C 44/12 



(54) IVIanufacture of composite laminate aircraft landing gear strut protector 

Hersteliung einer Verbundlaminat-Scliutzvorrichtung fOrdie Streben von Fiugzeugfahrgesteilen 
Fabrication d'un protecteur en stratifie composite pour les montants de trains d'atterrissage 



QQ 
O 

in 

00 

o 

CL 
LU 



(84) Designated Contracting States: 
DE ES FR GB IT NL SE 

(30) Priority: 06.12.1996 QB 9625368 

(43) Date of publication of application: 
10.06.1998 Bulletin 1998/24 

(73) Proprietor: Airbus UK Limited 
Bristol, BS99 7AR (GB) 

(72) Inventors: 

• Thorpe, Michael 
Filton, Bristol, BS99 7AR (GB) 



• Hutchinson, Andrew 
Filton, Bristol, BS99 7AR (GB) 

(74) Representative: Wojcik, Lucy Eleanor et al 
BAE SYSTEMS pic 
Group Intellectual Property Dept. 
Lancaster House - P.O. Box 87 
Farnborough Aerospace Centre 
Farnborough, Hampshire GUI 4 6YU (GB) 



(56) References cited: 
CA-A- 1 059 487 
GB-A- 2 232 629 



GB-A- 1 063 263 
US-A-4 289 717 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed In 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 76001 PARIS (FR) 



1 



EP 0 846 540 B1 



2 



Description 

[0001] This Invention relates to the manufacture of 

composite laminates, in particular to an aircraft landing 
gear strut falrlng/debrls protector, 
[0002] Aircraft main landing gear oleo struts can be a 
source of aircraft noise which can be particularly trou- 
blesome when aircraft are tal<lng off and approaching 
the airfield for landing, when the gear is iocl<ed in the 
down position. 

[0003] The aircraft main landing gear oleo struts can 
also be subject to debris attacl<, particularly during take 
off and landing. Debris can be in the form of stones, bro- 
l<en concrete and the like and may In some cases be 
raised from the ground by the nose landing gear, then 
to be struck by the main landing gear. 
[0004] CA-A-1 059 487 discloses a method of making 
a lightweight aeroplane by foaming a plastic around a 
tubular framework and applying a smooth hard coating 
over the foamed plastic. 

[0005] It is an object of the invention to provide a fair- 
ing or debris protector for aircraft landing gear to be at- 
tached to the main oleo strut thereof which will reduce 
wind noise and avoid impact damage of debris to the 
gear at the same time as being light in weight and adapt- 
ed to fit the shape of the gear, for secure, reliable and 
accurate fitting. 

[0006] According to one aspect of the present inven- 
tion there Is provided a method of forming a composite 
laminate aircraft landing gear strut fairing/debris protec- 
tor comprising first and second fibre reinforced plastics 
skin elements with a foamed core interposed therebe- 
tween, the method including the steps of providing a tool 
having a tool surface to form each skin element, forming 
a lay-up on each said tool surface of fibrous reinforcing 
material and plastics matrix material and allowing the 
matrix material at least partly to harden, positioning the 
tools such that the two skins are supported in their final 
relationship to one another and introducing a foaming 
resin between the skins to form a connecting foam core 
therebetween. 

[0007] According to a second aspect of the invention 
there is provided a composite laminate aircraft landing 
gear strut fairing/- debris protector as manufactured ac- 
cording to the method of the first aspect of the invention. 

[0008] Rbreglass has been found surprisingly effec- 
tive for use as the fibrous reinforcing material for this 
application. 

[0009] The invention will now be described by way of 
example with reference to the accompanying drawings 
of which :- 

Figure 1 is a front Isometric view of a fairing or debris 
protector according to the invention Installed on a 
main oleo strut of an aircraft landing gear, 
Figure 2 is a side view of the fairing or debris pro- 
tector of Figure 1 taken in the direction II of Figure 1 , 
Figure 3 Is a view of the fairing or debris protector 



of Figure 2 taken in the direction III thereof, with the 
fairing or protector being truncated at the centre 
line, 

Figure 4 Is a view of the fairing or debris protector 
5 of Figure 2 taken in the direction IV of Figure 2, 

Figure 5 Is a section along the line V-V of Figure 2, 
Figure 6 is an end view of a splash taken from the 
landing gear of Figure 3, 

Figure 7 Is an end view of an inner tool taken from 
10 the splash of Figure 6, 

Figure 8 is an end view of an outer tool taken from 

the inner tool of Figure 7, and 

Figure 9 is an end view of the tools of Figure 7 and 

Figure 8 used in combination, also showing an al- 
'5 ternative version of the tool of Figure 8 for forming 

an aerodynamic fairing. 

[0010] Referring to Figures 1 and 3, a fairing/debris 

protector 1 according to the invention for attachment to 

20 a main oleo strut 2 of an aircraft landing gear is manu- 
factured as follows. A mould impression or "splash" 3, 
see Figure 6, is first taken from the strut 2. This Is 
achieved by marking desired boundaries for the fairing/ 
debris protector on the strut 2 by attaching foam material 

25 (not shown) with adhesive tape to the strut, having first 
degreased the strut, and applying release agent to the 
strut over the area from which the mould impression Is 
to be taken. Two coats of polyester or epoxy resin (pol- 
yester preferred) gelcoat are next painted onto the sur- 

30 face. Referring to Figure 6, a layup of fibreglass mat 6 
approximately 1 0mm thick Is then applied to the surface 
and impregnated with polyester resin 7. The resin is then 
allowed to cure for between four and eighteen hours at 
a minimum temperature of approximately 21 °C. As an 

35 alternative to wet lay-up prepreg material may be used. 
l-lowever, the application of heat and some consolida- 
tion pressure may be necessary with this method in or- 
der to obtain the desired surface finish and structural 
integrity of the splash. 

to [0011] By the use of gelcoat a smooth surface finish 
for the splash is achieved from which a tool of substan- 
tially identical shape and surface llnish to the strut can 
be achieved. 

[001 2] Next, in order to manufacture a said tool 8 from 
45 the splash 3, release agent is applied to the surface 31 

of the splash which was formed from the surface of the 
strut 2, followed by two coats of gelcoat 9. This step is 
followed by the application to the surface 31 of a fibre- 
glass lay-up 10, see Figure 7, of approximately 12mm 
50 thickness Impregnated with polyester resin 11. Option- 
ally some reinforcement 1 2 to the tool 8 Is applied to the 
rear before cure and cured in position on the tool for 
strengthening purposes. 

[0013] Referring to Figures 7 and 8, manufacture of 
55 the second tool 13 proceeds as follows. A single sheet 

of thickness wax, sometimes called lay-up wax 1 4 is ad- 
hered to the tool surface 15 of tool 8. Release agent is 
optionally applied beforehand. In this case the wax Is 
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1 2mm thick which corresponds to the lotai thicl^ness of 
the fairing/debris protector which will be produced in the 
combined tool. Two coats of gelcoat 1 6 are next applied 
either directly or over a release agent to the exposed 
surface of the thicl<ness wax. When the gelcoat is sub- s 
stantially dry a lay-up 1 7 for the second tool 1 3 is placed 
on the gelcoated surface and impregnated with polyes- 
ter resin. Further reinforcement 1 8 is applied to the rear 
surface 1 9 of the lay-up and the lay-up is allowed to cure. 
[0014] Oncecuringiscompletethetools8and 13may 'o 
be separated from the wax. 

[0015J In order to manufacture the fairing/debris pro- 
tector, firstly release agents and then lay-ups are ap- 
plied to the tool surfaces 15 of tool 8 and 20 of tool 13 
as follows. For tool 8, which will form a skin of the fairing/ 's 
debris protector 1 which will be in intimate contact with 
the main oleo strut 2 In use, a lay-up 21 of two plies of 
280 gram fibreglass cloth impregnated with polyester 
resin is formed on the tool surface 15. To form the skin 
which will define an exposed surface 22 of the fairing/ 
debris protector three plies of 2B0gram cloth are laid up 
on the tool surface 20 and impregnated with polyester 
resin, following application of two gelcoats to the tool 
surface 20. A resulting lay-up 23 is now allowed to cure. 
[0016] When both lay-ups 21, 23 have cured they may 25 
be brought together In a position separated at a periph- 
eral region by approximately 8mm as shown in Figure 
9. The requisite separation of the lay-ups is achieved by 
spacing means (not shown) extending between the 
tools 8 and 13. Appropriate stopoff means (not shown) so 
are next applied to the peripheral region between the 
two tools 8,13 and liquid foaming resin 27 is poured into 
a cavity 26 formed between the two tools 8, 1 3. The tools 
are then laid down flat and the polyester expanding foam 
resin 27 is allowed to foam out to fill the cavity. It will be 35 
appreciated that any irregularity in the shape of the cav- 
ity 26, for example due to the aerodynamic outer shape 
of the fairing as shown in Figure 9 will be accommodated 
by the foaming of the resin 27. Once the chemical reac- 
tion which causes the foaming is complete, after approx- fo 
imately one hour, foam is trimmed from the edges of the 
resulting fairing/debris protector 1 formed in the tools 
such that a groove 28 of 6mm depth is formed, see Fig- 
ure 5, around the periphery of the fairing/protector 1. 
RTV silicone sealant Is then applied into the groove to 45 
seal the periphery of the fairing/protector from any con- 
taminants which the fairing/protector may encounter in 
use. 

[0017] The surface finish of both surfaces 22, 30 of 
the falring/debrls protector is extremely smooth when 50 
manufactured according to the method of the invention, 
thus aiding Its aerodynamic properties, and the resulting 
fairing/debris protector possesses sufficient strength in 
the outer skin 23 to deflect small stones and other ob- 
jects, whilst the combined structure of the fairing/- debris 55 
protector provides adequate crushability to avoid dam- 
age to the strut 2 when the fairing/protector 1 is struck 
by larger debris. In these circumstances the outer skin 



23 will progressively collapse and absorb, in combina- 
tion with the foamed core, sufficient energy from the im- 
pact to avoid damage to the strut 2. 
[0018] In addition, the fairing/debris protector 1 Is ex- 
tremely lightweight having regard to its aerodynamic 
and protective qualities and is therefore particularly suit- 
able for use on aircraft. 

[0019] The snug fit of the inner surface 30 of the fair- 
ing/protector against the surface of the strut 2 ensures 
performance of the fairing/debris protector according to 
specification when installed and reduces the possibility 
of unwanted vibration of the fairing/protector 1 against 
the strut 2. 

[0020] The fairing/protector 1 may be attached to the 
strut in any convenient manner, for example by clips or 
by fasteners passing through the fairing/protector itself 
and it will be appreciated that where use as an aerody- 
namic fairing Is contemplated a fairing manufactured ac- 
cording to the invention, as shown dotted in Figure 9 for 
example, may be fitted to the rear of the oleo strut to 
complement that at the front. 

[0021] The qualities of fibreglass in the skins 21 , 23 
have been found to be particularly suitable for the min- 
imisation of Impact damage, surprisingly, whereas the 
use of carbon fibre as reinforcement for the skins was 
found to be considerably less satisfactory. 



Claims 

1. A method of forming a composite laminate aircraft 
landing gear strut fairing/debris protector (1) com- 
prising first and second fibre reinforced plastics skin 
elements (21, 23) with a foamed core (27) inter- 
posed therebetween, the method including the 
steps of providing a tool (8,13) having a tool surface 
(15, 20) to form each skin element, forming a lay- 
up (21 , 23) on each said tool surface of fibrous re- 
inforcing material and plastics matrix material and 
allowing the matrix material at least partly to hard en, 
positioning the tools (8, 13) such that the two skins 
(21, 23) are supported In their final relationship to 
one another and introducing a foaming resin (27) 
between the skins to form a connecting foam core 
therebetween. 

2. A composite laminate aircraft landing gear strut fair- 
ing/debris protector (1) as manufactured according 
to the method of claim 1 . 



Patentanspriiche 

1. Verfahren zum Formen einer 

Verkleidung/TrQmmerschutz-vorrichtung (1 ) aus 
Verbundschichtstoff fQr Flugzeugfahrwerkbelne, 
die erste und zweite faserverstarkte Aul3enschich- 
telemente mit einem dazwischen angeordneten 
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Schaumkern (27) umfasst, wobei das Verfahren die 
Schritte Bereitstellen eines Werkzeugs (8, 13), das 
eine Werkzeugoberflache (15, 20) aufweist, um je- 
des AuBenschichtelementzu formen, Formen einer 
Schicht (21, 23) aus tasrigem Verstarkungs-mate- s 
rial und Kunststoffmatrix auf jeder der genannten 
Werkzeugoberflaclien und wenigstens teilweises 
Ausharten des Matrixmateriais, Positionleren der 
Werkzeuge (8, 1 3) in einer Weise, dass die zwei Au- 
Benscliichten (21 , 23) in ihirer endgOltigen Bezie- 'o 
liung zueinander unterstijtzt sind, und Einleiten ei- 
nes Sciiaumiiarzes (27) zwisclnen die Aul3en- 
sclnicliten, um einen verbindenden Scliaumkern da- 
zwisclien zu formen, eInschlleBt. 

's 

2. Verkleidung/Trummersctiutzvorrlchtung (1) aus 
Verbundsctiiclnt-stoff fUr Flugzeugfahrwerkbeine 
wis nacli dem Verfahren des Anspruchs 1 fierge- 
stellt. 



Revendicatlons 

1. Une m6tliode pour former un protecleur centre les 
debris/carenage de jamba de train d'atterrissage 25 
d'avion en stratifie composite (1) comprenant des 
premier et deuxieme elements de peau en plastique 
renforcd ^ la fibre (21 , 23), avec un noyau moussS 
(27) interpose entre ces elements, la m6thode com- 
portant les etapes sulvantes : la fournlture d'un outll 30 
(8, 13) ayant une surface d'outll (15, 20) pour former 
cliaque 6l6ment de peau, la formation d'un renfor- 
cement (21 , 23) sur chaque dite surface d'outll com- 
post de materlau de renforcement fibreux etde ba- 
se plastique et le durcissement au molns partiel de 35 
la base, le positionnement des outils (8, 13) de fa- 
gon a ce que les deux peaux (21, 23) soient sup- 
portees dans leur rapport final I'une par rapport a 
I'autre, et I'introduction d'une rSslne moussante (27) 
entre les peaux pour former un noyau mousse de 
raccordement entre elles. 

2. Un protecteur contre les d§brls/car6nage de jambe 
de train d'atterrissage d'avion en stratifie composite 

(1) tel qu'il estfabriqueconform6ment^la mSthode 45 
de la revendlcatlon 1 . 
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